A nasal neuroblastoma (esthesioneuroblastoma) extending into the brain in a heifer produced mouth breathing and proptosis. The mass filled much of the left nasal cavity, palatine sinus and maxillary sinus, with turbinate atrophy and deviation of the septum. Caudally the neoplasm extended into the nasopharynx and olfactory bulb. It was a cellular neoplasm composed of small, undifferentiated piriform cells showing infrequent pseudorosettes and immature axonal processes. Mitosis was common in some areas.
Neuroblastomas are neoplasms derived from cells of neuroepithelial origin which are committed to the neuronal line of differentiation. There is disagreement whether neuroblastomas of the olfactory area arise from neural crest cells or from olfactory sensory cells [ 1, 31 . Although composed chiefly of small piriform cells, some of these neoplasms show true rosettes, rings of cells around an empty lumen, or pseudorosettes, rings of neuroblasts around a central tangle of their primitive axonal processes. Even the least differentiated tumors, with neither rosettes nor pseudorosettes, must show some evidence of neuronal character, if only a few primitive axons [3,7, 81. We report a bovine olfactory neuroblastoma or esthesioneuroblastoma.
Case History
A 14-month-old Hereford heifer in good flesh had mouth breathing due to occlusion of the nasal airway, and severe proptosis of the left eye, both of unknown duration. No nervous signs were seen. No lesion was visible through the anterior nares, but a friable mass was palpated per 0s in the nasopharynx dorsal to the soft palate. A biopsy specimen was diagnosed as malignant and the heifer was killed for necropsy. The palate was removed to expose the neoplasm and the head cut transversely into a series of slabs ( fig. 1 ).
Materials and Methods
Sections from both nasal and intracranial portions of the neoplasm were fixed in neutral 10% formalin, embedded in paraffin and cut at 6 pm. Hematoxylin and eosin (HE), Mallory 
Results
A single irregular mass filled the posterior two-thirds of the left nasal cavity, passing laterally under the incomplete nasal septum to occupy the ventral part of the right nasal cavity. Ventrocaudally the mass extended into the nasopharynx. The neoplasm filled the left palatine sinus and extended into the left maxillary sinus. The frontal sinus openings were occluded and the sinus filled with pus. The nasal septum was deviated to the right, compressing the right turbinates. The mass caused marked compression and atrophy of the left turbinates. The neoplasm extended through the perpendicular part of the left palatine bone into the pterygopalatine fossa and displaced the medial wall of the left orbit, causing proptosis. Dorsocaudally, the tumor extended from the left nasal cavity through the cribiform plate and 3 cm into the left olfactory bulb and tract. The mass was firmly attached only in the area of the cribriform plate. Except for minimal enlargement of the pharyngeal and cervical lymph nodes, no other lesions were found.
Microscopically the neoplasm was highly cellular, its small cells arranged in broad sheets, lobule-like islands, small clusters and narrow ribbons. Delicate to moderately heavy fibrovascular septa separated the groups of cells. In the main mass in the nasal cavity, the usual pattern showed vessel-centered, somewhat radiating lobules or bands of cells separated from other bands by extensive necrosis and hemorrhage (fig.
2). Where densely collagenous periosteum or dura mater constrained growth patterns, the tumor cells grew in small clusters or narrow ribbons ( fig. 3 ). No true rosettes and only rare, small, imperfect pseudorosettes were found. No metastases were found in distant sites. Lymph nodes of head and neck were examined especially closely, but only lymphadenitis was seen.
The neoplasm was never highly invasive, showing chiefly an expansive mode of growth. It did, however, destroy the cribriform plate and bluntly invade the brain, where it grew as a confluent mass with a discrete border.
The neoplastic cell population was uniform in appearance and poorly differentiated ( fig. 4) . The cells were small with scant homogeneous cytoplasm. In paraffin sections their outlines were ill-defined, but in I-pm plastic sections the cells were irregularly polygonal where crowded together and piriform where individualized ( fig. 5) . In an appropriate plane, a tail-like immature axonal process sometimes was evident. These were seen in plastic sections stained with toluidine blue and in paraffin sections stained with Bodian's axon stain ( fig. 4) . No astrocyte processes that stained with Mallory's phosphotungstic acid hematoxylin were seen in the tumor. The nuclei of the neoplastic cells were usually elliptical, less often round or oval, and had a distinct nuclear membrane. A small nucleolus often was evident and the sharply defined uniform chromatin granules gave the nucleus a crisp granular appearance. Up to five mitoses per high dry field were found in some areas.
Discussion
Cell type and tissue patterns of this bovine neoplasm were characteristic of neuroblastomas generally. This tumor was poorly differentiated, its infrequent pseudorosettes and immature axonal processes being the only specific criteria for identifying it as a neuroblastoma.
The neoplasm probably arose in the ethmoturbinate region of the nasal cavity. The bulk of the mass was in the nasal cavity and its only firm attachment was over the cribriform portion of the ethmoid bone. T h e intracranial portion of the tumor was relatively small. It is unlikely that the neoplasm was a cerebral neuroblastoma with extension into the nasal cavity [4] .
Unique among the neuroblastomas of man, esthesioneuroblastomas occur primarily in adolescents and young adults rather than in young children (31. T h e age of this heifer would suggest a similar predilection in animals.
The absence of a primary visceral or retinal neuroblastoma would seem to rule out the unlikely possibility of a nasal or cranial metastasis of such a neoplasm. Other differential diagnoses considered were carcinomas, some unusual undifferentiated examples of which occur in the nasal cavity a n d do occasionally penetrate the cranial cavity.
Esthesioneuroblastoma is uncommon in man; fewer than two hundred cases have been reported [ I I]. Five cases have been reported in the dog [5, 6, 91, none with a n adequate description. A strange olfactory neuroepithelioma has been described in a cynomolgus monkey [2] , possibly a consequence of earlier administration of a carcinogen. Our neoplasm is the first esthesioneuroblastoma reported in cattle.
